Results. Thirty papers were found that met the inclusion criteria. The studies were characterised by heterogeneity of design, methodological quality, sample characteristics, assessment of cognitive functioning, and outcomes examined. The research published to date suggests that cognitive impairment is more prevalent among persons with lower limb amputations than in the general population, and is linked with a number of important outcomes in this patient group, including mobility, prosthesis use, and maintenance of independence following amputation.
prosthetic limb fitting following lower limb amputation, eight observed that cognitive ability predicted functional outcome [9] . In addition, Sansam and colleagues [28] noted in their review paper that cognitive ability was consistently observed to be a significant predictor of post-rehabilitation walking ability following lower limb amputation.
The present study aims to build on the findings of these earlier articles by providing an up-to-date review of the published literature on cognitive functioning in persons with lower limb amputations. Many individuals who undergo amputation do not attend formal rehabilitation and are never fitted with a prosthesis [10] , hence the scope of this review will be broadened to include all persons with lower limb amputations rather than rehabilitation inpatients being fitted with a prosthetic limb specifically. Furthermore, instead of focusing on mobility outcomes alone, all outcome variables associated with cognitive functioning in this population will be examined.. The purpose of this article is to synthesise current evidence regarding cognitive functioning in persons with lower limb amputations in terms of the prevalence of dementia and cognitive impairment, and to review the methods employed to assess cognitive ability, the areas of cognition most affected, and the outcomes associated with cognitive functioning. using the Google Scholar search engine was also conducted to identify studies that may not have been included in the databases above [29] . Abstracts for all citations obtained in the literature search were read by three of the authors (LC, DD and PG). In cases where an abstract was unavailable or ambiguous in terms of its relevance to the present review, the complete article was retrieved. The reference lists of previous literature reviews [9, 28] and studies selected for inclusion in the present review were also examined for relevant citations.
Method

Search strategy
Selection criteria
Articles were selected for inclusion in the review if: (a) a group or subgroup of participants had unilateral or bilateral lower limb amputation and were aged 18 years and over; (b) cognitive functioning (or aspects thereof, e.g. memory) was assessed as a discrete variable (i.e. not as part of a composite score) and reported on in the results; (c) the article was written in English; and (d) the article was published in a peer-reviewed journal. Articles were excluded from the review if: (a) participants with lower limb amputations were not examined as a distinct group (e.g. were included in the same group as persons with upper limb amputations); (b) cognition was assessed only as a means of screening potential participants; (c) cognitive measures were employed incidentally in the research (e.g. used as a distractor task in assessments of balance and gait) and were not the focus of statistical analyses; and/or (d) the article was not published in a peer-reviewed journal.
Quality assessment
The overall quality of studies was assessed using an evidence appraisal methodology developed by the Scottish Intercollegiate Guidelines Network (SIGN) [30] . Using this methodology, the quality of evidence provided by each study was assessed by assigning an (see table 1 subscript for a description of each rank). For each study, the evidence level was determined by its design and a qualitative assessment of answers to critical appraisal checklists (only used in the case of randomised controlled trials or case-control/cohort studies). Each study included in the present review was appraised independently by two of the authors (LC and RL-V). In instances where the reviewers did not agree on the level of evidence to be assigned to a particular study, a consensus method was used to discuss and resolve the issue. If the disagreement persisted, papers were referred to a third author (PG) to determine the evidence level.
Results
Study selection
On conducting the literature search, 183, 224, and 161 articles were found in the MEDLINE, PsycINFO and Web of Science databases, respectively. After removing citations that were indexed in more than one database, a total of 419 articles remained. Of these, 28 studies met the inclusion criteria. A further two studies meeting the inclusion criteria that did not appear in the database search were identified using Google Scholar, giving a total of thirty papers. These studies are summarised in table 1, and are characterised by significant heterogeneity in terms of design, methodological quality, population, sample characteristics, method of cognitive assessment and outcome measures utilised. ********************* Insert table 1 about here ********************* F o r P e e r R e v i e w 7 
Study design and methodological quality
The evidence level of each study, as assessed using the SIGN methodology described earlier [30] , is also displayed in table 1. Of the thirty articles selected for inclusion, two were randomised controlled trials [3, 31] , four were case-control studies [5, [50] [51] [52] , eighteen were cohort studies (fourteen retrospective [10, [32] [33] [34] [35] [36] [37] [39] [40] [41] [42] [43] [44] [45] , four prospective [8, 38, 47, 48] ), and six were cross-sectional studies (four analytic [4, 7, 46, 49] , two non-analytic [53,54]). As indicated by the evidence levels presented, the methodological quality of these studies varied widely in terms of robustness of study design, clarity and appropriateness of the research question and inclusion/exclusion criteria, statistical power, suitability of analyses employed (if any), and so forth. A study by Donaghey and colleagues [31] received the highest SIGN rating of 1++, as its robust randomised control design and methodology suggested a very low risk of bias. A number of high quality, well-designed retrospective cohort studies were included in the review [10, 33, 43, 52, 54] . The highest rating these studies could receive under SIGN guidelines was 2+, however, due to their retrospective design. Two studies received a rating of 2++ [8, 48] , which was attributable to their prospective cohort design and high methodological standard. Four papers were rated 2-[33,36,49,52] as the result of having a poor design and employing basic statistical analyses that posed a significant risk of confounding and gave a high probability that relationships between variables were not causal.
Study population
Publications emanated from a number of different countries, with most of the research being carried out in the US, UK or Canada. Recruitment settings varied across studies. In most cases, patient chart reviews were performed in hospital or rehabilitation centre settings, although two studies were based in the community [37, 46] . Persons with lower limb amputations made up the entire study population in the majority of cases. In seven studies, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Sample characteristics
The number of persons with lower limb amputations taking part in each study ranged from as few as 8 [3] The average amount of time elapsed since amputation varied from 19 days [4] up to almost 3 years [46] where reported, although this information was not provided in many instances. ********************* Insert table 2 about here *********************
Assessment of cognitive functioning
Cognitive functioning was operationalised and measured in a number of ways across studies, as shown in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Other studies employed more detailed neuropsychological assessments to examine specific cognitive domains [3, 5, 7, 8, 31, 47, 50] . Among the tests of neuropsychological status most frequently used were the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) [57] , which was employed in two studies [3, 8] , and the Addenbrookes Cognitive Examination (ACE) [58] or a revised version of this tool (ACE-R) [59] , included in three papers [3, 8, 31] . Both of these measures assess different aspects of memory, language, verbal fluency, attention and concentration, visuospatial and perceptual abilities, as well as providing an overall index of cognition.
The timing of cognitive assessment varied widely between studies. In a study by Taylor et al. [43] , for example, presence of dementia was assessed preoperatively, whereas in Bilodeau and associates' [46] community-based study, the average amount of time that had elapsed since amputation was 2.9 years.
Cognitive status of persons with lower limb amputations
A number of papers provided information on the prevalence of dementia and/or cognitive impairment among persons with lower limb amputations [3, 31, 33, 34, [36] [37] [38] 40, 44, 45, 48, 54] . The proportion of individuals diagnosed with dementia ranged from 5% 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   10 [33] to 49.2% [44] across studies. Inconsistencies in the prevalence of cognitive impairment may be partly explained by the heterogeneity of samples in terms of characteristics such as amputation etiology and level, mean age, and the amount of time since amputation at which cognitive functioning was assessed. The range and quality of the different methods used to assess cognitive functioning, from medical chart review to more detailed neuropsychological assessment, is also likely to contribute towards the wide variation in cognition reported across studies. Eight papers reported dementia prevalence rates of over 10% among persons with lower limb amputations [3, 31, 34, [36] [37] [38] 44, 45] , suggesting that the prevalence of dementia may indeed be higher in this patient group than in the population at large, for whom prevalence rates of 5-10% in those aged 65 years and above have generally been reported [12] .
Three studies provided information on participants' performance in specific domains of cognitive functioning [3, 5, 31] . O'Neill and colleagues [3] Eleven participants (42%) scored below the cut-off score for dementia (= 82) on the ACE-R.
On average, participants performed more poorly than a sample of individuals diagnosed with mild cognitive impairment on measures of attention and concentration, fluency, language, and visuospatial ability [59] . Phillips and colleagues [5] examined the nature and extent of cognitive deficits in 14 patients with amputations due to peripheral vascular disease (mean 
Associations between cognitive functioning and outcomes
Twenty five of the thirty studies included in this review examined associations between cognition and various outcomes relevant to persons with lower limb amputations (see table 2), with most of the research focusing on aspects of prosthetic rehabilitation and subsequent functioning. Cognitive impairment was associated with failure to be successfully fitted with a prosthetic limb in six studies [4, 10, 36, 37, 53, 54] . In persons who were successfully fitted, poorer cognitive functioning was related to less extensive use of the prosthesis [43, 46, 54] . Greater cognitive impairment was consistently associated with poorer mobility [7,8, [4, 8, 48 ] and executive functioning [8] were associated with reduced prosthetic use and poorer functional outcomes. It is important to bear in mind, however, that different measures of cognition and associated outcomes were used across studies, and no firm conclusions can thus be drawn regarding the findings observed. A small number of prospective studies have been published, which provide more convincing evidence for a causal relationship between cognitive functioning and various outcomes [8, 47, 48] . A study by Hanspal and Fisher [47] examined the relationship between cognitive ability and mobility longitudinally in a sample of 32 patients with lower limb amputations, 20 of whom had significant comorbidities. Cognitive status at 2-4 weeks after amputation was found to predict 20% of the variance in mobility at 8-14 months postamputation in the sample as a whole, and it accounted for 85% of the variance among patients without comorbid conditions. Schoppen and associates [48] conducted a prospective study of 46 patients with vascular amputations aged 60 years and older, and found that memory at two weeks after amputation, as assessed using the 15-word test [61] , was a significant predictor of perceived health status at one year post-amputation, explaining 51% of the variance in this outcome along with 1-leg balance and the presence of comorbidities other than cardiopulmonary or diabetes. Memory was also a significant predictor of activity restriction at one year post-amputation, accounting for 33% of variance in this outcome along with 1-leg balance. Lastly, a study by O'Neill and Evans [8] involved the administration of a battery of neuropsychological tests to 34 individuals during their first appointment at a prosthetic rehabilitation centre, with follow-up assessments of mobility and prosthesis use 6 months later. Visual memory was found to be a significant predictor of mobility as assessed using the the Locomotor Capabilities Index (LCI) [62] , explaining 25% of the variance in scores. The number of hours the prosthesis was worn daily was significantly predicted by verbal fluency, a measure of executive function. Finally, mobility grades [63] were significantly predicted by immediate verbal memory, which along with age, amputation level, and the presence of pain, accounted for 58% of the variance in this outcome. Overall, the These problems are often not appreciated until well into the rehabilitation process, potentially leading to wasted medical resources and significant effort on the part of both patient and rehabilitation team [4] . The administration of a neuropsychological screening assessment covering a wide variety of cognitive domains prior to embarking on a rehabilitation programme could offer many advantages to individuals with lower limb amputations.
Understanding a patient's cognitive profile could help the rehabilitation team to better comprehend why he or she may be having difficulties mastering particular tasks of daily living and to adapt goals accordingly [13] . It could also facilitate the design of individualised programmes tailored to patients' specific abilities in order to minimise their cognitive weaknesses and maximise their cognitive strengths [5] . Moreover, the establishment of an evidence base to assist in distinguishing between persons with a good probability of mastering prosthesis use and those unlikely to achieve this goal may reduce the costs associated with unsuccessful attempts at prosthetic fitting, and allow for the development of interventions employing other types of adaptive equipment to maximise the independence of persons who are not suitable prosthetic candidates and thus enhance their participation and quality of life [8, 37] . Although cognitive impairment appears to predict difficulties in regaining mobility and independence in activities of daily living following lower limb amputation, even those with significant impairment are likely to benefit from structured rehabilitation programmes designed to help them obtain and maintain their highest level of functioning [4] . In a mixed sample of older adults participating in a rehabilitation programme, for example, Resnick and Daly [72] found that although individuals with cognitive impairment had lower functional performance at each testing period, they improved functionally over the course of their rehabilitation programme and maintained their discharge level of functioning at one year follow-up. It should not be assumed, therefore, that presence of cognitive impairment is reason enough in itself to exclude patients from participating in rehabilitation.
More research is required to explore the impact that different degrees of cognitive deficit and areas affected have on functioning in this patient group, and to develop interventions that can facilitate participation in rehabilitation for patients with such impairments [72] . Indeed, a range of different strategies have been developed to teach new 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 [3, 31] . Such strategies may be usefully applied in rehabilitation settings to improve the chances of persons with cognitive impairment regaining their independence and attaining optimal mobility, while simultaneously reducing the amount of time and associated costs required to achieve these outcomes.
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Presence of dementia (from case notes) Mortality Dementia was present in 5% of patients pre-operatively. 44% of patients with preoperative dementia died within 30 days of amputation surgery. Dementia was not significantly associated with increased mortality.
Carmona et al.
Presence of dementia (from medical charts) Mortality The prevalence of dementia was 15.8% among patients. Dementia was significantly associated with higher mortality after amputation.
Chiu et al. (2000)
Physiatrist and psychologist assessment Ambulation (community, indoors, or non-ambulation) Mental status was significantly related to ambulation outcome, and appeared to be the most influential negative predictive factor of achieving community ambulation in dual-disability patients. None of the five patients with impaired mental status achieved community ambulation, and only one achieved indoor ambulation. Adherence to medical regimens Measures of language, prospective memory, planning and organisational abilities were positively associated with adherence to medicine regimes among amputee patients, as measured by self-reports and pill counts. Prospective memory and emotional dysfunction together explained 72.6% of the variance in adherence to medicines in this group. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47 Fletcher et al.
Presence of dementia (from medical charts) Prosthetic fitting Dementia was present in 14% of patients referred to a specialised amputee rehabilitation clinic, compared with 41% of those not referred. Dementia was significantly more prevalent in patients who were not referred to a specialized amputee rehabilitation clinic than in those who were referred. Cognitive deficit was the reason cited for unsuccessful prosthetic fit in 21% of cases (n = 26). Dementia was a significant negative predictor of prosthetic fit, along with older age, presence of cardiovascular disease, and having an above-knee amputation. Experience of falls (single fall, multiple falls) Phase 2: 33% of all patients had cognitive impairment on admission. 35% (n = 8) of patients who experienced a single fall were cognitively impaired. 80% (n = 12) of patients who had multiple falls were cognitively impaired. Accidents appeared to be more likely in cognitively impaired patients in the over 70 age group, but this was not statistically significant.
Phase 3: 29% of all patients had cognitive impairment on admission.
Hanspal & Fisher (1991)
Clifton Assessment Procedures for the Elderly (CAPE)
Harold Wood/Stanmore mobility grade Orientation and mental ability were both positively associated with mobility grade. Greater time taken and a higher number of errors on the psychomotor task were associated with poorer mobility, as was a lower composite psychomotor scale score. There was a significant positive correlation between total cognition scores and the mobility of elderly patients. A total score of at least 30 was associated with the ability to walk indoors and outdoors in patients without medical factors limiting mobility. Of those who achieved a score of 30 or more, only 4% were unable to walk outdoors. Only 2% of those who scored less than 30 could walk outdoors.
Hanspal & Fisher (1997) CAPE Harold Wood/Stanmore mobility grade There was a strong positive correlation between cognition at 2-4 weeks and at 8-14 months post-amputation. The correlation between mobility and cognition was significantly positive, with cognitive status accounting for approximately 20% of the variance in mobility for the sample as a whole (n = 32). In patients who had no medical complications (n = 12), the correlation between intellectual status and mobility was 0.92, with intellectual status accounting for 85% of the variance in mobility.
Heinemann et al.
FIM cognitive score Discharge FIM motor score Discharge FIM cognitive score Length of stay at rehabilitation facility
In the amputation group, cognitive function on admission was a significant predictor of discharge motor function. 78% of the variance in discharge cognitive functioning was accounted for, with cognitive functioning on admission being the only significant predictor. Admission cognitive function was not significantly associated with length of stay. Not applicable MMSE scores ranged from 17 to 29, with a mean score of 23. The mean RBANS score was 61.9, and the mean ACE-R score was 72.9, placing the sample as a whole in the impaired range of cognitive function on both measures. 6 out of 8 participants were in the extremely low range on the RBANS, one was borderline, and one was within the average range but with impaired index of executive function. On the ACE-R, 7 of the 8 participants were below the cut-off for significant cognitive impairment (= 88) and one was above the cut-off. Of the 60 patients, 15% had deficits in cognitive ability considered severe enough to limit their capacity to learn to use a prosthetic limb successfully. All of the 43 patients considered good candidates for prosthetic rehabilitation based on psychologic (cognitive and personality) testing were successfully fit with a prosthesis and trained in its use. Of the 9 patients who had cognitive impairment, only two were capable of even minimal use of their prosthesis, and none approached their preamputation level of ambulation. Sickness Impact Profile, 68-item version (SIP-68) Groningen Activity Restriction Scale (GARS) Timed-up-and-go (TUG) test Prosthesis use Improvement was apparent on all cognitive measures from assessment at 2 weeks postamputation to 6 weeks after amputation. On the CST, for example, at 2 weeks after amputation 22% of the sample met the criteria for severe cognitive impairment, but this dropped to 9% by 6 weeks post-amputation. Memory was a significant predictor of perceived health status at one year postamputation, and explained 51% of the variance along with 1-leg balance and the presence of comorbidities other than cardiopulmonary or diabetes. Memory was also a significant predictor of activity restriction at one year postamputation, and accounted for 33% of variance along with 1-leg balance.
Taylor et al. (2005)
Presence of dementia (from medical charts) Prosthesis use Mortality (survival at one year) Maintenance of pre-operative independent status Presence of dementia preoperatively was an independent predictor of not wearing a prosthesis, such that people with dementia were 2.4 times less likely to wear a prosthesis after amputation. Failure to maintain independent living status was also independently predicted by the presence of dementia, such that individuals with dementia were 1.6 times less likely to maintain independent living status after amputation. • Cognitive impairment appears to be more prevalent among persons with lower limb amputations than in the general population.
• Cognitive impairment is negatively associated with mobility, prosthesis use, and maintenance of independence following amputation.
• Cognitive screening prior to rehabilitation could assist in determining patients' suitability for prosthetic or wheelchair use, ascertaining appropriate goals, and tailoring rehabilitation to patients' strengths so as to optimise their mobility and independence. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
